Landscape composition as a determinant of diversity and functional feeding groups of aquatic macroinvertebrates in southern rivers of the Araucanía, Chile Latin American Journal of Aquatic Research, vol. 43, núm. 1, 2015, pp. 186-200 Pontificia Universidad Católica de Valparaíso Valparaíso, Chile ABSTRACT. Changes in land use which directly or indirectly affect freshwater fauna constitute one of the principal anthropic factors which have caused world biological diversity to disappear rapidly during recent decades. This fauna includes aquatic benthic macroinvertebrates, organisms presenting temporal and spatial variation due to a variety of factors, one of which is the diverse food resources available in the rivers. To assess the effect of anthropic activities on this fauna, the distribution, abundance and characterisation of the functional feeding groups of aquatic macroinvertebrates were analysed, together with the physical and chemical variables in the environments of four coastal river basins of southern south-central Chile. A total of 104 taxa of macroinvertebrates were recorded, the principal component of the community being the Diptera (26 taxa). The abundance and richness of taxa were greater in summer and lower in winter. The most abundant species belong to the order Ephemeroptera and Plecoptera. Macroinvertebrates were affected by different land use: stations with less anthropic activity and greater altitude had higher macroinvertebrates abundance, while the lowest abundance was found at the lowest stations. The functional feeding groups which were most abundant spatially and temporally were the collector-gatherers and the shredders. The physical and chemical water quality variables proved to be of exceptional quality in all the stations. These results suggest that policies governing changes in land use in central and southern Chile should take into account the dramatic alterations that these changes impose on the macroinvertebrates community. Policies for biodiversity conservation should therefore focus on these small but important organisms in the north Patagonian region of South America, which is a hotspot of world diversity. Keywords: diversity, macroinvertebrates, functional feeding groups, land use, Chile.
INTRODUCTION
Among the world´s biogeographical regions, the ecosystems of the Andean region are among the most diverse on Earth (Udvardy, 1975; Myers et al., 2000; Olson et al., 2001; Morrone, 2006) . The watersheds of these ecosystems have been affected in recent years by disturbances of anthropic origin, which directly or indirectly affect the functioning of aquatic systems (Barletta et al., 2010) . Important environmental stressors are those generated by productive activities such as agriculture, deforestation, plantations of exotic species, industry and mine waste pollution (Roldán, 1999) . Although these activities are recognised as the principal generators of the local economies of developing countries (Barbier, 2004) , in many cases no control or management measures are applied for the protection of biological communities, and as a result biodiversity is disappearing rapidly (Mittermeier et al., 2011) .
Benthic macroinvertebrates are one of the most important components of freshwater ecosystems. These are mainly immature stages of insects, most of which spend at least one stage of their life cycle in aquatic systems before emerging in the adult state (Hauer & Resh, 2006) . This fauna plays an important role in aquatic systems since they are of vital importance in the nutrient cycle, acting as decomposers of organic matter, forming part of food chains and transferring energy to higher links; this makes them useful as bioindicators of organic pollution, etc. (Wallace & Webster, 1996) . The seasonal and spatial distribution of these invertebrates in watercourses has been extensively debated (Summerville & Crist, 2003; Sporka et al., 2006) . One area of discussion is the analysis of their life cycles; another concern is the principal factors which determine their diversity in lotic systems, i.e., disturbances to water flow, substrate structurecomposition, physical and chemical factors in the water and high variations in the ecotone (Wais, 1987; Evans & Norris, 1997; Bradley & Ormerod, 2001; Huttunen et al., 2012) . The latter generates a great diversity of habitats, offering macroinvertebrates a wide range of food supply and thus allowing functional feeding groups (FFGs) to vary throughout the course of a river (Vannote et al., 1980) . The south-central region of Chile belongs to the Mediterranean forest biome (Olson et al., 2001) , it possesses a great diversity of natural ecosystems. In particular, its coastal forests harbour great biological diversity, making it a world biodiversity hotspot (Myers et al., 2000; Valdovinos, 2006) . A wide variety of ecosystems are also found in this geographical zone, such as plains, wetlands and mountain ranges, which contain the densest and most diverse evergreen forests of southern South America (Villagrán, 1991; Peña-Cortés et al., 2009) . Historically this territory has experienced high levels of anthropic activity (Peña-Cortés et al., 2011) causing changes to the ecological landscape, especially the south-central region of Chile, which is one of the zones most affected by deforestation of native forest and its replacement by exotic species such as Pinus spp. and Eucalyptus spp. (4.1% annual loss of native forests) (Altamirano & Lara, 2010) .
The purpose of this study is to relate the diversity of macroinvertebrates and functional feeding groups across different land uses in contrasting seasons of the year. The results of the study will also provide a taxonomic database of freshwater macroinvertebrates, which may be used in future conservation and biomonitoring studies in a zone of high biological diversity.
MATERIALS AND METHODS

Study area
The study area corresponded to four basins on the Pacific slope of the Araucanía, Chile (37°35'-39°37'S). The climate of this region is oceanic with Mediterranean influence, with an average annual precipitation between 1,200 and 1,600 mm (Di Castri & Hajek, 1976) . The atmospheric data for temperature, rainfall and wind speed were also recorded, from the Climatological Yearbook 2010 for the city of Temuco (DGAC, 2011) . The geomorphology varies from mountain systems to marine abrasion platforms. The maximum and minimum altitudes of the basins are 870 to -2 m above sea level (Peña-Cortés et al., 2011) . Eleven sampling stations were selected and classified into six groups according to the land use of coastal basins of southern Chile (Peña-Cortés et al., 2009 ) (see Table 1 ). Based on the sizes of the four basins, the following stations were selected: one in the Danquil Strahler (1957) (Fig. 1, Table 1 ).
Benthic macroinvertebrates sampling
The samples of freshwater benthic macroinvertebrates were collected by seasons (summer: January, autumn: April, winter: July and spring: November 2010). At each sampling station three replicates were taken with a Surber sampler (900 cm 2 , 500 µm pore size) from riffles (the most common habitat type). The samples were fixed in situ with 90% ethanol and subsequently taken to the Benthos Laboratory of the Institute of Marine and Limnological Sciences, Universidad Austral de Chile, where they were separated and identified to the lowest possible taxonomic level under microscope and stereoscopic microscope. The macroinvertebrates were then classified into seven Functional Feeding Groups (FFGs): shredders, collector-gatherers, collector-filterers, scrapers, predators, detritivores and parasites, using the criteria of Merrit & Cummins (1996) , Miserendino & Pizzolon (2003) and Pérez et al. (2004) .
Water sampling
Water samples were collected together with the macroinvertebrate samples during the morning (8-11 am); they were deposited in bottles and taken to the Analytical Chemistry Laboratory of the Institute of Chemistry and Natural Resources, Universidad de Talca, for determination of the following parameters: bio-chemical oxygen demand, suspended solids, dissolved oxygen, chlorides, sulphates, dissolved solids, nitrates and phosphates. All the methods of analysis were carried out according to the standard methods for the examination of water and waste-water (APHA, 2005) . In addition, temperature, pH and conductivity were measured in situ. The physical and chemical variables were analysed to obtain a measurement of water quality for each sampling station, using the methodology employed by Fierro et al. (2012) according to the secondary environmental quality standard for the protection of Chilean continental waters (CONAMA, 2004) .
Statistical analysis
Two way ANOVA analyses, with sampling stations and seasons as categorical variables as treatments, and abundance or species richness as response variables followed by post hoc tests when significant (Tukey test P < 0.05) were used to assess differences in sampling stations uses and seasons. These analyses were conducted using the software package Statistica v7.0.
In addition, the biological data were compared considering the data of mean macroinvertebrates density (means for each season) per station. In order to avoid over estimating the abundance of infrequent taxa, the data were first transformed to log10 (x+1) to construct the Bray-Curtis similarity matrix (Bray & Curtis, 1957) , from which a dendrogram was constructed using group average as criterion (999 permutations). The Simprof test was used on the dendrogram to identify statistically significant groups (P < 0.05). The similarity matrix was also analyzed using a non-metric multidimensional scaling analysis (nMDS) as the ordination method, representing the similitude of the sampling stations in two dimensions, based on the abundance and composition of the macroinvertebrates communities.
The BIOENV (Bioenvironmental, Clarke & Ainsworth, 1993 ) analysis was used to determine possible associations between the environmental variables and the biological data, using Spearman correlation. This analysis used the Bray-Curtis similitude data based on the abundance and richness of benthonic macroinvertebrates (transformed to log x+1) and the physical and chemical parameters (land use, altitude, lotic order, temperature, conductivity, total dissolved solids, pH, dissolved oxygen biochemical oxygen demand, phosphates, nitrates, apparent colour, chlorides and sulphates); these data were first transformed to log10 (x+1) to normalise them. This analysis allowed us to evaluate the physical and chemical variables that were significantly related to the structure of the biota.
The structure of the macroinvertebrate community was analysed using Margalef's index, Pielou's evenness index and the Shannon-Weaver index (with base "e"). To represent the proportional abundance of each FFG, the cumulative values of the four seasons were used. All the above analyses were performed using PRIMER V.6 software (Clarke & Warwick, 1994) .
RESULTS
Environmental parameters
Precipitation within the study area varied between 14.6 and 170.6 mm in April and June 2010 respectively; the minimum mean air temperature was 6.1°C in July and the maximum 14.7°C in January 2010. Finally, the wind varied between 3 and 11 knots in April-May and June 2010 respectively.
Following the secondary environmental quality standard for the protection of Chilean continental waters all the physical and chemical analyses indicated exceptional water quality for all stations sampled throughout the year (Table 3) .
Macroinvertebrates community
A total of 104 taxa of aquatic benthic macroinvertebrates were collected; the dominant taxa were immature phases of insects throughout the study area and all year round. The most representative orders were Diptera (26 taxa), Trichoptera (19 taxa), Ephemeroptera (17 taxa), Plecoptera (15 taxa) and Coleoptera (8 taxa) (Appendix 1). Fig. 2 ).
Significant differences in taxon richness (P < 0.001) and abundance (P < 0.001) of macroinvertebrates were found among sampling stations (land uses) and seasons (Table 2) . According to the analysis of the classification and ordination of seasons based on abundance data in Appendix 1, which indicated five groups. Sites with more anthropic activities having significantly lower richness and abundance than the rest, and sampling stations located in dominant native forest having higher richness than mixed land use (native forest, forest plantation and livestock farming). This agreed with their spatial locations in the basins, namely stations 1 (Danquil basin), 2 (Boyeco basin) and 4 (Moncul basin), which were at the lowest altitude (<250 masl) and more affected by anthropic activity (Table 1, Fig.  3 ). In addition, station 10 (native forest predominate) presented the largest number of taxa (66), while the lowest number was obtained at station 1 (40 taxa), which coincided with Margalef's index of species richness. According to Pielou's evenness index (J) for the distribution of abundance for each taxa, all the stations presented dominant taxa (values greater than 0.55). Finally the Shannon-Wiener index values (H´) ranged between 2.16 for station 5 (mixed use) and 2.91 for station 10 (Table 4) .
Seasonally, Shannon-Weaver diversity values ranged between 2.82 and 1.21; maximum values were recorded at station 10 in autumn and spring, while minimum values were recorded at stations 2 and 5 (mixed land use), both in winter. Most stations showed values greater than 0.55 for Pielou's evenness index (J), indicating presence of dominant taxa; only three stations showed values less than 0.55: station 2 and 5 in winter and station 7 in spring. The highest values of Margalef´s index of species richness were recorded in station 10 throughout the year (data not shown). The BIOENV procedure showed a strong relationship between community macroinvertebrate distribution and the measured environmental variables. The variables that best explained the multivariate relationships between the biotic and abiotic matrices were land use, altitude, temperature, suspended solids and nitrates, with a highly significant Spearman correlation (ρ = 0.730; P < 0.008).
Functional Feeding Groups (FFGs)
According to the FFGs, 31 taxa were assigned to collector-gatherers, 25 to predators, 18 to collectorfilterers, 14 to shredders, 10 to grazers, 4 to detritivores and 2 to parasites (Appendix 1).
The most representative FFGs of all land use were collector-gatherers, which were dominant in eight stations: station 1 with 46.9% of the total community; station 3 with 56.4%; station 6 with 55.8%; station 7 with 48.4%; station 8 with 51.2%; station 9 with 56.1%; station 10 with 36.7% and station 11 with 54.4% of the total community. Shredders were somewhat dominant in station 2 with 36.8% of the total community and station 5 with 44.9%; finally collector-filterers were dominant only in station 4 (41.6%). The predators presented consistently abundances below 25%, detritivores less than 5%, scrapers less than 2% and finally parasites less than 1% (Fig. 4) .
Among seasons, collectors were dominant in summer, autumn and spring with 53.8%, 45.6% and 39.9% relative abundance, respectively. In winter two FFGs were dominant; the shredders (35.3%) and the collectors (34.2%). The representation of the other FFGs was less than 20% (Fig. 5) .
DISCUSSION
Our main objective was to investigate the invertebrate community composition between different landscape compositions. This is a very significant factor influencing the freshwater macrofauna, affecting their abundance, spatial distribution, community parameters, etc. (Standford, 2006) . We found a high taxonomic diversity of aquatic benthic macroinvertebrates in coastal basins of south central Chile, consistent with the exceptional quality of the water sampled in the rivers.
In the basins located in the coastal zone of the Araucanía Region, macroinvertebrate assemblages were mainly affected by basin-related variables (land use, altitude) and water (temperature, suspended solids and nitrates). Similar trends were found in other studies (Miserendino & Masi, 2010; Egler et al., 2012) which indicate that macroinvertebrate fauna can be altered by land use practices (e.g., agriculture, forest plantations). Macroinvertebrates showed significant differences between stations and seasons responding to this gradient; sites with strong anthropogenic pressures had lower abundances than low impacted sites. The Queule basin, specifically station 10 (high altitude), presented the greatest richness and abundance of the whole study area, due to the high proportion of native forest, roble (Nothofagus obliqua), raulí (N. alpina) and coihue (N. dombeyi), and the low proportion of the matrix consisting of farmland and forestry plantation (Peña-Cortés et al., 2009 ). In the opposite situation, the stations 1 (Danquil basin), 2 (Boyeco basin) and 4 (Moncul basin), reflected in the cluster analysis which assigned them to separate groups with specific species ensembles. These stations were characterised by low altitude and by being subjected to strong pressures of use, e.g., for agricultural, forestry and tourism activities (Peña-Cortés et al., 2009) . The geomorphological slopes at these stations are almost zero, and therefore there are zones with greater deposits (i.e., potamon environments). This agrees with the findings of Brown & Brussock (1991) and Buffagni & Comin (2000) who reported lower richness and abundance in the macroinvertebrate community on pools habitats. The lowest values for Shannon's diversity index were obtained at station 5 (Queule basin), specifically in autumn when only 23 taxa and 510 ind m -2 were recorded. This was due in part to disturbance of the bed by the construction of a bridge, which increased the concentration of suspended solids in the water; according to Suren et al. (2005) and Billota & Brazier (2008) this is one of the principal factors influencing the presence of aquatic biota. However this situation was reversed in the later samples, evidence of rapid recovery of the habitat, possibly by colonisation from tributaries (Rice et al., 2001) .
Some taxa, especially families, tend to present wide geographical distributions, since they tolerate greater changes in the environment and are therefore generally less sensitive to pollution (e.g., organic) (Winterbourn et al., 1981) . The species Meridialaris diguillina (Leptophlebiidae), Limnoperla jaffueli (Gripopterygidae) and Andesiops torrens (Baetidae) were the most Table  3 . Average . The groups were defined using the Simprof test (P < 0.05). Axes appear without legend because they are relative scales. Table 4 . Number of taxa (S), total population abundance (ind m -2 ) (n ± SD), richness of species according to Margalef (d), Pielou's Evenness index (J) and Shannon-Weaver Diversity index (H´) of the macroinvertebrates in the 11 sampling stations in the coastal zone of the Araucanía Region averaged across all seasons. abundant throughout the study area. These same taxa have been described as a principal component of the macroinvertebrate community in central and southern rivers of Chile (Campos et al., 1984; Habit et al., 1998; Guevara-Cardona et al., 2006; Fierro et al., 2012) , and indeed in other South American rivers (Miserendino, 2001; Miserendino & Pizzolon, 2003; Molina et al., 2008; Kleine et al., 2011) . All these situations occurred in undisturbed rivers with lotic and rhithron environments (i.e., sectors with great slope, high current velocities, stable low temperatures, high concentration of oxygen, etc.), properties that would tend to favour the presence of these taxa. Various authors (e.g., Linke et al., 1999; Huttunen et al., 2012) propose performing at least one year of sampling in order to avoid underestimating taxon richness for use in bio-assessments. This is because the macroinvertebrate community changes not only due to anthropic effects, but also due to seasonal and/or biological changes. The seasonal changes are mainly the result of different life cycles (i.e., univoltine or bivoltine) which are correspondingly synchronized (Cayrou & Céréghino, 2005) .
In the study area, the physical and chemical variables of the water presented no great variations attributable to anthropic activities in the basins, so any variation in the macroinvertebrates was due especially to their own seasonality (Figs. 2-5) , with a greater abundance present in summer than in winter. Similar results were reported by Marchant (1988) in Australia and by Miserendino & Pizzolon (2003) in Argentina, with the highest abundance occurring in summer and the lowest in winter. The temperature and the hydrological regime have been mentioned as dominant factors in the seasonal structuring of the macroinvertebrate community (Hawkins & Sedell, 1981; Statzner & Higler, 1986; Beltrán et al., 2011) , meaning that in dry seasons (low water) macroinvertebrates have greater possibilities of colonising the river area, since the habitat becomes homogenised and their densities and specific richness can increase (Poff & Ward, 1989; Poff et al., 1997; Reynaga & Dos Santos, 2013) . In rainy seasons such as winter, when the water flow increases due to the high level of precipitation, macroinvertebrates are transported downstream by dramatic drifts (Lancaster, 2008; Gualdoni & Oberto, 2012) . Furthermore, the increased flow causes the habitat to fragment, producing heterogeneous zones within the same river, which would favour certain FFGs (Newbury & Bates, 2006) . Seasonal differences were observed in FFGs. The collector-gatherers were more conspicuous in summer, autumn and spring (>39%), while in winter they shared dominance with the shredders (34% and 35% respectively). The shredders are responsible for processing and reducing allochthonous detritus (e.g., leaves and remains of wood) to small particles (<1 mm), which are subsequently "collected" as food by the collector-gatherers; both groups use leaves as a substrate for adherence and refuge (Cummins, 1974; Bird & Kaushik, 1985; Cummins et al., 1989) . This group colonises the leaves which fall into rivers and accumulate there in small reservoirs, so their abundance will depend on the season when the forest leaves fall (Lake et al., 1985) . In our study, the shredders were most abundant during rainy seasons, which is when the highest leaf fall occurs of both deciduous (i.e., roble and raulí) and evergreen species (i.e., coihue, tepa, Eucalyptus) in the study area. This same situation was recorded by Miserendino & Pizzolon (2004) in southern Argentina; they recorded scrapers and shredders in higher abundance in autumn and winter seasons (literfall period), where fine and coarse organic matter was more abundant, Later, when wind and precipitations decrease (Fig. 2) , the input of allochthonous organic matter tends to diminish; consequently the abundance of shredders decreases while that of collector-gatherers starts to increase, reaching its peak in the drier seasons (Roeding & Smock, 1989) .
According to the continuum river concept, low order rivers should contain mainly collector-gatherers and shredder organisms (Vannote et al., 1980) . This situation has been found both in this study and in other places, e.g., Winterbourn et al. (1981) in New Zealand, Figueroa et al. (2000) in Chile and Callisto et al. (2001) in Brazil. Nevertheless, this is not a generalized pattern, since Miserendino & Pizzolon (2003) in Argentinean Patagonia, Lake et al. (1985) in Australia and Duncan & Brusven (1985) in Alaska recorded only collectors as the most abundant group in their study areas. Despite this difference, the marked dominance of collectorgatherers and shredders in the study area shows that these two groups play an important role in processing organic matter in coastal rivers of low-medium order (3 rd , 4 th and 5 th ) of this region. Any disturbance in the land use in these basins has the potential to affect the biodiversity of aquatic ecosystems, due to the close relation between the terrestrial and aquatic components (Clarke et al., 2008) . As a result, the diversity of fauna inhabiting these ecosystems continues to be threatened worldwide (Moss, 2000; Vieira et al., 2008) . One of the most diverse groups found in these ecosystems is aquatic benthic macroinvertebrates, which have been greatly reduced and in some cases become extinct throughout the world (Lydeard et al., 2004 , Poole & Downing, 2004 Strayer, 2006) . Conservation strategies in aquatic systems in South America, and Chile in particular as a biodiversity hotspot, must therefore give special consideration to aquatic invertebrate fauna. This study therefore contributes to a better knowledge of the spatial distribution of benthic macroinvertebrates of these ecosystems.
